Abstract A wide range of musculoskeletal tumours and tumour
Abstract A wide range of musculoskeletal tumours and tumour-like conditions may be encountered when patients undergo radiological examinations. Some malignant musculoskeletal lesions may mimic benign tumours at imaging, being confused with benign cystic lesions or haematomas. Also, inappropriately selected magnetic resonance (MR) image sequences or computed tomography (CT) display windows can lead to misdiagnosis. Many orthopaedic surgeons interpret radiological images themselves, and therefore need to be as aware of these issues as radiologists are. This review describes and illustrates a number of such errors that commonly occur, and provides suggestions for avoiding these pitfalls.
At various points in the medical timeline of a patient with known or suspected cancer-ranging from initial detection of tumour to post-treatment follow-up-radiological examinations may depict a lesion in the musculoskeletal system. Some such lesions may be metastases, but others represent benign or other malignant tumours, or tumour-like conditions. If a suspicious lesion is automatically assumed to represent a metastasis, those patients in whom the lesion is benign may be overtreated, and those in whom the lesion actually represents an unsuspected second type of cancer probably will not receive appropriate treatment for that second cancer. As in all of oncological imaging, accurate characterisation of lesions is essential for proper clinical management. A prior review [1] described pitfalls in MR image interpretation that resulted in referral to an orthopaedic oncology clinic for suspected malignancy. In this second part of a different two-part review [2] , we present several interpretive pitfalls that we have commonly encountered in the musculoskeletal system during radiographic, CT, magnetic resonance imaging (MRI), or positron emission tomography (PET)/CT evaluation of patients with known or suspected cancer, in an effort to increase awareness of these readily correctible issues. These pitfalls have been selected based on the authors' collective experience working in a dedicated cancer centre.
The focus of this part is on malignant tumours that may mimic benign lesions, and on technical issues at imaging that can result in misdiagnosis.
Malignant tumours that may mimic benign lesions
Malignant soft tissue tumour mimicking a cystic lesion Those malignant soft tissue tumours that are rich in myxoid or chondroid elements have a very high water content, which results in prolonged T1 and T2 relaxation times similar to those of simple fluid at MRI [3] . As a result, myxoid sarcomas (such as myxoid liposarcoma [4] or myxofibrosarcoma) or chondrosarcoma (such as extraskeletal chondrosarcoma) can be mistaken for a benign cystic lesion, due to their diffuse fluid-like signal intensity at MRI (Figs. 1a and 2a) . Administration of intravenous contrast plays an important role in distinguishing between solid and cystic lesions [5] , as solid lesions show at least some enhancement (which can be homogenous or heterogeneous, and range from fine and lacy to nodular or diffuse) (Fig. 1b) . Although only a thin rim of enhancement is seen in the periphery of an uncomplicated cyst, high-grade chondrosarcoma may show only rim enhancement [6] , and d Axial contrast-enhanced CT image shows that mass (M) is of slightly lower attenuation than muscle, corresponding to the high water content of chondroid matrix. Adjacent to the bone erosion (arrowhead), a tiny calcification (curved arrow) is noted within the mass, another clue that the mass is solid rather than a cyst thus potentially be confused for a cyst (Fig. 2b) or postoperative fluid collection. Although contrast enhancement is not specific in distinguishing between benign and malignant tumours, it is still useful in characterising tumours, suggesting the most viable portion of a lesion to biopsy, assessing therapeutic response, and monitoring for local tumour recurrence.
Soft tissue sarcoma mimicking haematoma after trauma Soft tissue sarcomas often contain regions of haemorrhage, and may be noticed by a patient only after trauma draws attention to the mass. Such pre-existing tumours may be misinterpreted as haematomas by the radiologist and referring physician (Fig. 3) . It is prudent practice to recommend imaging follow-up after one to two months to document resolution of any mass presumed to have resulted from trauma. Alternatively, pre-contrast and post-contrast computed tomography (CT) or MRI could be obtained to determine whether any portion of the mass enhances-which would strongly suggest that the mass represents a solid tumour.
Tail-like extensions of myxofibrosarcoma misinterpreted as oedema or postoperative change Myxofibrosarcoma is one of the most common fibrous sarcomas in elderly patients, often occurring in the extremities and limb girdle [7] [8] [9] . Myxofibrosarcoma often spreads along fascial planes for long distances from the primary tumour mass in a curvilinear, tail-like configuration. Failure to recognise that these "tails" actually represent tumour may result in incomplete surgical resection, thus predisposing to local tumour recurrence. Due to its high water content, the myxoid component of myxofibrosarcoma is very bright on fluid-sensitive MR sequences (T2-weighted and STIR), mimicking fluid or oedema [8, 9] (Fig. 4a) . Use of intravenous contrast (gadolinium) is very helpful in distinguishing between tails of tumour and oedema/fluid: Tumour will show avid, sharply defined enhancement (Fig. 4b) , whereas oedema generally enhances to a lesser degree and appears less well defined. Thus, when staging myxofibrosarcoma or assessing for local myxofibrosarcoma recurrence, all curvilinear enhancing structures at MRI, in addition to the primary mass itself, should be reported as Fig. 3 Synovial sarcoma, misdiagnosed as haematoma after traumatic event. a Axial contrast-enhanced CT image obtained after trauma to chest wall shows a heterogeneous mass (arrows) that was interpreted at an outside facility as representing a haematoma. b Follow-up CT image obtained 9 months later shows interval enlargement of the mass (arrowheads), which was shown by biopsy to represent synovial sarcoma Fig. 4 Tails of myxofibrosarcoma due to recurrent tumour, which could be mistaken for postoperative changes. a Axial fat-suppressed T2-weighted MR image demonstrates a curvilinear "tail" of very high T2 signal (arrow) in subcutaneous tissues of lateral calf within the surgical resection bed, which could be misinterpreted as postoperative oedema or fluid. However, b axial post-gadolinium fat-suppressed T1-weighted MR image shows that the tail markedly enhances (arrowhead), confirming that it represents tumour rather than fluid tumour by the radiologist so that the surgeon can include all in the planned resection.
Liposarcoma without substantial uptake at PET Liposarcomas demonstrate variable fluorodeoxyglucose (FDG) avidity, depending on their particular histological subtype. Poorly differentiated liposarcomas are usually markedly FDG-avid and are readily evident on FDG positron emission tomography (PET) scans, whereas welldifferentiated liposarcomas are unlikely to show appreciable FDG avidity. Myxoid and pleomorphic liposarcomas may or may not show increased activity at FDG PET [10] (Fig. 5) .
Non-FDG-avid osseous metastases
Osseous metastases are often apparent on FDG PET scans even before they are visible at CT, because bone metastases typically develop within the bone marrow and only subsequently destroy surrounding trabecula and/or elicit a sclerotic response from host bone. Also, some marrow metastases may be occult on FDG PET, due to the nature of the particular non-FDG-avid primary malignancy and/or the small size of the metastasis. Primary malignancies that often are non-FDG-avid include lobular breast cancer, prostate carcinoma, and hepatocellular carcinoma [11, 12] (Fig. 6) . 
Technical issues
Fatty marrow simulating sacral metastasis on bone windows Focal regions of osteoporosis commonly occur in the sacrum, either unilaterally or bilaterally. Particularly when unilateral, such regions can be mistaken for lytic metastases at CT when viewed only on bone window settings (Fig. 7a) ; the fatty nature of the region is more readily evident on soft tissue window settings, on which the region in question will appear as dark as nearby fat (Fig. 7b) . Measurement of the actual CT attenuation of the suspected lesion (with the region-of-interest tool) will yield values in the range of −50 to −100 Hounsfield units, proving that the lesion actually represents normal fat.
Use of proton density MR images for evaluation of marrow
Many facilities routinely use proton density MR sequences because of their high sensitivity for evaluating musculoskeletal anatomy, particularly menisci, labra and cartilage [13] . However, a marrow-replacing lesion may demonstrate signal intensity similar to that of surrounding normal marrow on such images, limiting their identification and/or accurate characterisation (Fig. 8a) . T1-weighted sequences should always be obtained to evaluate the marrow if tumour is a diagnostic consideration, as a marrow-replacing lesion will show low signal intensity (similar to that of muscle) against a background of high-signal fatty marrow [14] (Fig. 8b) .
In conclusion, the various pitfalls described in this review can be avoided through careful evaluation of imaging Fig. 7 Asymmetric osteopenia, misinterpreted as a lytic lesion when viewed at CT bone window settings. Axial CT scans of pelvis displayed at a bone and b soft tissue window settings. The asymmetric region of low attenuation in the right sacral ala (arrow) initially was suspected to represent metastasis of patient's known bladder cancer.
However, visual evaluation of the region on b soft tissue windows suggested the presence of fat throughout that region (arrowhead), which was proven by region-of-interest measurement (−52 Hounsfield units; normal fat=−50 to −100 HU) Fig. 8 Femoral lesion in patient with breast cancer, suboptimally evaluated on proton density images. a Coronal proton density MR image of the left hip demonstrates a low-signal circle in the left femoral head, surrounding a region that has signal similar to that of surrounding marrow (arrow). The findings could be consistent with avascular necrosis. b Corresponding coronal T-weighted MR image clearly shows that the lesion has signal intensity similar to that of muscle (arrowhead), indicating that it represents a marrow-replacing lesion. Biopsy results confirmed metastatic adenocarcinoma of the breast features, correlation with clinical information, and considering both benign and malignant processes when formulating the differential diagnosis. Caution is advised when making the diagnosis of a benign cystic lesion or haematoma, as similar radiological findings may be encountered in some malignant processes. Lesions that are non-FDG-avid at PET scanning ought not be assumed to be benign, as various malignant processes may show little activity at PET. In addition, some basic technical issues in image acquisition and display need to be assessed to ensure that the image evaluation was performed optimally and appropriately. Gadolinium should be ordered in evaluation of potential musculoskeletal tumours to avoid misdiagnosis, unless a contraindication to its use is present.
